Intrauterine programming of hypertension is associated with evidence of increased renin-angiotensin system (RAS) activity. The current study was undertaken to investigate whether arterial baroreflex and blood pressure variability are altered in a model of in utero programming of hypertension secondary to isocaloric protein deprivation and whether activation of the RAS plays a role in this alteration. Pregnant Wistar rats were fed a normalprotein (18%) or low-protein (9%) diet during gestation, which had no effect on litter size, birth weight, or pup survival. Mean arterial blood pressure (MABP; 126 Ϯ 3 mm Hg 9% versus 108 Ϯ 4 mm Hg 18%; p Ͻ 0.05) and blood pressure variability were significantly greater in the adult offspring of the 9% protein-fed mothers. Arterial baroreflex control of heart rate, generated by graded i.v. infusion of phenylephrine and nitroprusside, was significantly shifted toward higher pressure; i.v. angiotensinconverting enzyme inhibitor normalized MABP and shifted the arterial baroreflex curve of the 9% offspring toward lower pressure without affecting the 18% offspring. For examining whether brain RAS is also involved in programming of hypertension, angiotensin-converting enzyme inhibitor and losartan (specific AT 1 receptor antagonist) were administered intracerebroventricularly; both significantly reduced MABP of the 9% but not the 18% offspring. Autoradiographic receptor binding studies demonstrated an increase in brain AT 1 expression in the subfornical organ and the vascular organ of the lamina terminalis in the 9% offspring. These data demonstrate a major tonic role of brain and peripheral RAS on hypertension associated with antenatal nutrient deprivation. Abbreviations ACE-I, angiotensin-converting enzyme inhibitor AngII, angiotensin II AP, area postrema BPV, blood pressure variability HR, heart rate ICV, intracerebroventricular MABP, mean arterial blood pressure MEPO, median preoptic nucleus NTS, nucleus of the solitary tract OVLT, vascular organ of the lamina terminalis PVH, paraventricular nucleus of the hypothalamus RAS, renin-angiotensin system SFO, subfornical organ Chronic cardiovascular diseases of adults can have their origins in fetal life. Epidemiologic studies reveal that hypertension, stroke, and coronary heart disease are inversely related to birth weight (1) and that this relationship is independent of genetic factors (2) and lifestyle (3). It has been suggested that a poor nutrient supply at a critical period of early development leads to permanent alterations in the programming of the developing cardiovascular structures or functions (4). This concept has been supported by animal studies demonstrating an association between nutritional deficit during fetal life and increased blood pressure in adulthood (5, 6).
Intrauterine programming of hypertension is associated with evidence of increased renin-angiotensin system (RAS) activity. The current study was undertaken to investigate whether arterial baroreflex and blood pressure variability are altered in a model of in utero programming of hypertension secondary to isocaloric protein deprivation and whether activation of the RAS plays a role in this alteration. Pregnant Wistar rats were fed a normalprotein (18%) or low-protein (9%) diet during gestation, which had no effect on litter size, birth weight, or pup survival. Mean arterial blood pressure (MABP; 126 Ϯ 3 mm Hg 9% versus 108 Ϯ 4 mm Hg 18%; p Ͻ 0.05) and blood pressure variability were significantly greater in the adult offspring of the 9% protein-fed mothers. Arterial baroreflex control of heart rate, generated by graded i.v. infusion of phenylephrine and nitroprusside, was significantly shifted toward higher pressure; i.v. angiotensinconverting enzyme inhibitor normalized MABP and shifted the arterial baroreflex curve of the 9% offspring toward lower pressure without affecting the 18% offspring. For examining whether brain RAS is also involved in programming of hypertension, angiotensin-converting enzyme inhibitor and losartan (specific AT 1 receptor antagonist) were administered intracerebroventricularly; both significantly reduced MABP of the 9% but not the 18% offspring. Autoradiographic receptor binding studies demonstrated an increase in brain AT 1 expression in the subfornical organ and the vascular organ of the lamina terminalis in the 9% offspring. These data demonstrate a major tonic role of brain and peripheral RAS on hypertension associated with antenatal nutrient deprivation. Abbreviations ACE-I, angiotensin-converting enzyme inhibitor AngII, angiotensin II AP, area postrema BPV, blood pressure variability HR, heart rate ICV, intracerebroventricular MABP, mean arterial blood pressure MEPO, median preoptic nucleus NTS, nucleus of the solitary tract OVLT, vascular organ of the lamina terminalis PVH, paraventricular nucleus of the hypothalamus RAS, renin-angiotensin system SFO, subfornical organ Chronic cardiovascular diseases of adults can have their origins in fetal life. Epidemiologic studies reveal that hypertension, stroke, and coronary heart disease are inversely related to birth weight (1) and that this relationship is independent of genetic factors (2) and lifestyle (3) . It has been suggested that a poor nutrient supply at a critical period of early development leads to permanent alterations in the programming of the developing cardiovascular structures or functions (4) . This concept has been supported by animal studies demonstrating an association between nutritional deficit during fetal life and increased blood pressure in adulthood (5, 6) .
Experimental evidence suggests that activation of the reninangiotensin system (RAS) (7, 8) is an important element of hypertension programmed during fetal life. Infants who are born with intrauterine growth restriction have increased plasma renin activity and renal renin content (9, 10) . In an animal model of in utero programming of hypertension, increased levels of pulmonary and plasma angiotensin converting enzyme (ACE) were found, whereas ACE inhibition (ACE-I) has been shown to normalize blood pressure (7, 8) . Angiotensin II (AngII) can increase blood pressure and alter the arterial baroreflex through peripheral (vascular and renal) and central effects. Arterial baroreflex control of heart rate (HR) normally allows tight maintenance of blood pressure around a set point and has a key role in buffering blood pressure variability (BPV). There is indirect evidence suggesting abnormal control of HR in chronically growth impaired fetuses and in hypertensive adults who were nutrient deprived during fetal life (11) (12) (13) . Whether arterial baroreflex and BPV are impaired and whether peripheral and/or brain RAS could participate in hypertension and resetting of arterial baroreflex are unknown.
The current study was undertaken to test the hypothesis that in utero programmed hypertension is associated with an alteration of the arterial regulation (baroreflex and BPV) secondary to excess activation of the RAS. For this purpose, we used an animal model in which mildly restricting the protein intake of pregnant rats leads to hypertensive offspring (7) . The first series of experiments were designed to explore whether arterial baroreflex control of HR was altered in this model and whether this alteration depended on endogenous AngII. The second series of experiments were developed to examine more specifically the role of endogenous central AngII and the AngII receptor subtype AT 1 on arterial pressure; the AT 1 receptor subtype mediates most, if not all, of the central cardiovascular effects of AngII (14, 15) . Last, the expression of AT 1 in the brain was studied using autoradiography. Our results reveal a role for both brain and peripheral RAS in maintaining elevated blood pressure in hypertension programmed during early life.
METHODS

Animals
Animals were used according to a protocol approved by the Animal Care Committee of the Hôpital Sainte-Justine in accordance with the principles of the Guide for the Care and Use of Experimental Animals of the Canadian Council on Animal Care. Virgin Wistar rats (initial weight 225-250 g) were mated overnight and on the day of conception (determined by the presence of a vaginal plug) were allocated to feed ad libidum on a diet containing either 18% (control) or 9% (low) protein (casein) diet (5, 7). All diets contained 5 g/kg methionine to avoid sulfur deficiency and were made isocaloric with starch and sucrose supplement. Dams were weighed weekly. Within 12 h of delivery, the dams were returned to regular rat diet. Pups were weaned at 4 wk of age to regular rat diet.
Surgical Preparation
Male offspring (9 -12 wk old) were anesthetized with intraperitoneal ketamine (65 mg/kg) and xylazine (7 mg/kg). Under sterile conditions, polyethylene catheters (PE50; Plastics One, Roanoke, VA, U.S.A.) were inserted into a femoral artery and vein, tunneled subcutaneously to the back of the neck, threaded through a flexible metal spring, and connected to a dualchannel swivel mounted directly above the cage (Lomir Biomedical, Notre-Dame-de-L'Ile-Perrot, QC, Canada). This set-up allowed the rat freedom of movement within the cage.
In a second group of animals, an intracerebroventricular (ICV) cannula was implanted in addition to the femoral catheters. The anesthetized rat was placed in a stereotaxic apparatus (Kopf Instruments, Tujunga, CA, U.S.A.), and a 26-gauge stainless steel guide cannula was implanted immediately above the roof of the right lateral ventricle (stereotaxic coordinates with respect to bregma: 1 mm caudal and 1.5 mm lateral) and lowered 4 mm below the surface of the skull (16) . The guide cannula was anchored to the skull with acrylic dental cement and sealed with a dummy cannula (Plastics One). Drugs were injected by inserting a 33-gauge stainless steel internal cannula into the guide cannula, which was connected to a 10-L Hamilton syringe. The correct ICV placement of the cannula was verified by post mortem injection of 5 L of black ink and examination of cryostat brain sections. At the end of the surgical procedures, each rat was given a dose of i.v. Cefazolin (25 mg/kg) and allowed to recover for 24 h before the experiment. To verify that this delay after surgery did not have an impact on the results obtained, four 9% and three 18% additional animals were studied 4 d after surgery; as the results obtained are similar, only the rats that were studied 24 h after surgery are presented.
Experimental Procedures
On the day of the experiment, the rats were brought in their cage to the laboratory and allowed to adapt for 30 min. During each experiment, arterial blood pressure and HR were monitored continuously using a pressure transducer (The Perceptor, Namic, Glen Falls, NY, U.S.A.) aligned to the level of the heart, and a Grass recorder (Astro-Med, Grass, RI, U.S.A.) displayed and recorded on-line to a computer via a Grass PVA-1A 8-channel analog-to-digital conversion board using the software Polyview (version 2.3; Astro-Med).
In the first series of studies, baseline mean arterial blood pressure (MABP) and HR were recorded for 15 min. Baroreflex curves were then determined by producing ramp changes in MABP with continuous i.v. infusion of phenylephrine (5-80
) over a 10-min period, using a Harvard infusion pump. A 30-min recovery period was allowed before the alternative drug was administered. The same protocol was repeated 90 min later, 20 min after i.v. ACE-I enalaprilat (150 g/kg).
The second series of experiments were designed to evaluate the role of endogenous brain AngII on maintaining elevated blood pressure. Resting values for MABP and HR were obtained before and 20 min after ICV enalaprilat [20 g/kg in 10 L of saline (pH 7.4)]. In the third series of experiments, the role of brain AngII AT 1 receptors on resting MABP, HR, and resetting of arterial baroreflex control of HR was evaluated. For this purpose, baseline recordings and baroreflex curves were generated as described for the first series of experiments, before and after ICV injection of losartan [specific AT 1 receptor antagonist, 30 g/kg in 10 L of saline (pH 7.4)].
Autoradiographic Expression of AngII-AT 1 Receptor in the Brain
Consecutive coronal brain sections (20 m) from 18% and 9% 9-to 12-wk-old male offspring were cut on a cryostat (Microm Cryostat, Waldorf, Germany) at Ϫ25°C and thawmounted on microscope slides (Superfrost; VWR Scientific, Ville Mont-Royal, QC, Canada). Sections were preincubated for 15 min at room temperature with binding buffer [ AngII. Subsequently, the tissue sections were transferred through four 1-min washes in 4°C incubation buffer without BSA, dipped in 4°C deionized water, and rapidly dried under a stream of cold air. Slides were exposed to Kodak Biomax MS films for 6 d at Ϫ80°C.
Data Analysis
BPV. Three-minute periods were extracted from baseline recordings when the quality of the arterial blood pressure signal was visually considered to be satisfactory (steady MABP, no agitation, no dampening, and no artifacts). Before spectral analysis, a least-squares linear procedure was used to remove any linear offset and trend from the data. Spectral analysis of the data was performed using the Fast Fourier Transform algorithm with a Hamming window (Polyview 2.3, Astro-Med). The total power spectral density (variance), which is an index of global variability, was calculated by integrating the power spectra over the frequency range (0.1-2.5 Hz) and expressed in mm Hg 2 . The spectral densities in the very low frequency range (0.1-0.2 Hz), in the low frequency range (0.2 to 0.7 Hz), and in the high frequency range (0.7-2.5 Hz) were also calculated (17) . The frequency variations of Ͻ0.1 Hz were not considered to avoid possible artifacts as a result of longterm slow oscillations. Normalization procedure was performed by dividing the power of low frequency and high frequency by the total power spectral density and by multiplying the result by 100.
Arterial baroreflex control of heart rate. The HR response to changes in MABP was used to generate the baroreflex curve. The different baroreflex curves, expressed as the relationship between MABP and HR, were analyzed with a logistic sigmoid function (Graph Pad Inplot version 4.03; GraphPad Software, San Diego, CA, U.S.A.) according to the following equation: HR ϭ P 4 ϩ P 1 /{1 ϩ exp[P 2 (MABP Ϫ P 3 )], where P 1 is the range between the upper and lower plateaus, P 2 is a coefficient used to calculate the gain as a function of pressure, P 3 is the MABP at midrange of the curve, and P 4 is the lower plateau (18) . The gain (slope) was calculated from the first derivative of the above equation. Threshold pressure (lowest pressure that produces a significant decline in HR) and saturation pressure (pressure necessary to achieve maximal inhibition of HR) were calculated from the third derivative of the equation (18) .
Quantitative ex vivo receptor autoradiography. 
Statistical Analysis
All results are expressed as mean Ϯ SEM. Analysis of differences within and between groups was performed using multivariate ANOVA, t test for paired or unpaired observations, and Wilcoxon or Mann-Whitney tests as appropriate. A simple linear regression analysis was used to determine the correlation between BPV parameters and MABP. Statistical significance was set at p Ͻ 0.05.
RESULTS
Net weight gain during pregnancy of dams fed the lowprotein (9%) and control (18%) diets was similar (9% 144 Ϯ 7 g, n ϭ 18; 18% 142 Ϯ 5 g, n ϭ 19). Dietary protein affected neither the litter size (9% 14.9 Ϯ 0.9, n ϭ 7; 18% 14.8 Ϯ 0.7, n ϭ 8) nor the survival rate of the offspring during the 12-wk study period. Birth weight did not differ between groups (9% 5.3 Ϯ 0.1 g, n ϭ 14; 18% 5.6 Ϯ 0.2 g, n ϭ 14).
Effects of systemic ACE-I on baseline HR, MABP, BPV, and arterial baroreflex. The baseline MABP was significantly higher in the 9% offspring (Fig. 1A) , whereas HR was similar (see operating point in Table 1 ). The BPV, measured by total power spectral density, was also higher in the 9% offspring; this increase was observed in both low-and high-frequency bands (Table 2, Fig. 2) .
I.v. enalaprilat significantly reduced MABP of the 9% offspring rats without changing HR; baseline MABP and HR were 1044 unaffected in the 18% control animals (Fig. 1A, Table 1 ). Enalaprilat partially normalized BPV of the 9% group as it abolished the statistically significant difference observed between the groups in baseline conditions (9% post-ACE-I not significantly different from 18% baseline and post-ACE-I values), although the 9% post-ACE-I BPV values remained not significantly different from baseline ( Table 2 ). The BPV parameters were not correlated with resting MABP either before or after enalaprilat. HR baroreflex response curve threshold, saturation, and midpoint pressures of the 9% offspring were elevated, indicating a significant shift of the baroreflex toward higher pressures; i.v. enalaprilat reset the arterial baroreflex curve of 9% toward lower pressure without modifying the baroreflex curve of the 18% offspring (Table 1, Fig. 3) .
Effects of brain AngII on baseline MABP and on arterial baroreflex. ICV enalaprilat, as well as losartan, significantly reduced the MABP of the 9% offspring without changing the resting MABP of the 18% control group (Fig. 1B and C) . When compared with baseline, ICV losartan did not significantly change the baroreflex curve of the 9% offspring despite a tendency to shift the curve toward lower pressure ( Table 1) .
Effects of low-protein diet on brain AT 1 receptor expression. Considering the effects of inhibiting brain AngII on MABP of the 9% but not the 18% offspring, we sought to determine whether brain AT 1 receptor expression was increased in the 9% offspring. Nonspecific binding determined with an excess of unlabeled AngII was negligible (Ͻ5% of total binding). Effects of maternal diets that contain 18% (control; Ⅺ) and 9% (low; Ⅵ) protein on MABP of the 9-to 12-wk-old offspring in three sets of experiments: before (baseline) and after i.v. administration of ACE-I enalaprilat (n ϭ 7 for each group; A) before (baseline after ICV) and after ICV administration of enalaprilat (n ϭ3 for each group; B), and before and after ICV losartan (AngII AT 1 receptor antagonist, n ϭ 5 for each group; C). Data are means Ϯ SEM. *p Ͻ 0.05 vs 18% baseline; **p Ͻ 0.05 vs 9% baseline.
Table 1. Parameter values describing arterial baroreflex control of HR before (baseline), after i.v. administration of ACE-I enalaprilat, and after ICV administration of AngII AT 1 receptor antagonist losartan in 9-to 12-wk-old rats exposed during gestation to a low protein (9%) or control (18%) diet
Control (18%; n ϭ 6) Low-protein diet (9%; n ϭ 6, 5 for ICV losartan) 
DISCUSSION
Epidemiologic studies indicate that antenatal nutrient depletion is associated with hypertension and increased risk of cardiovascular-related morbidity and mortality in adult life (4, 19 -22) . We have reproduced a rat model of hypertension, induced during early life through isocaloric 50% protein restriction of pregnant dams. The diet provides 75% of the basic protein required during gestation (5, 7) and is not associated with significant intrauterine growth restriction (23) . Our results confirm that peripheral blockade of AngII decreases blood pressure of low-protein-diet-exposed offspring and demonstrate that in utero programmed hypertension is associated with increased spontaneous BPV and impaired arterial baroreflex control of HR. In addition, the decrease in blood pressure induced by central blockade of AngII AT 1 receptor, as well as the increase in AT 1 receptor expression in brain cardiovascular regulating areas of the 9% offspring, indicates an important role for the brain RAS. Taken together, these data demonstrate a major tonic role of both peripheral and brain RAS in maintaining in utero programmed chronic hypertension.
BPV. Spontaneous BPV of the 9% offspring is increased in both high-and low-frequency ranges, which indicates impaired blood pressure regulation. It is interesting that it was recently shown that children with lower birth weight tend to have higher BPV independent of their blood pressure (24) . Whereas hypertension is a primary cardiovascular risk factor, fluctuations in arterial blood pressure may also be of considerable importance and has been shown, independent of blood pressure, to lead to end organ damage classically associated with hypertension (25) . The most intensively studied and probably most effective mechanism to maintain arterial blood pressure within narrow boundaries is the arterial baroreceptor reflex. The mechanisms involved in this increased BPV could comprise, at least for the low-frequency oscillations, a change in arterial baroreflex, which we also demonstrate in this series of studies. Activation of RAS has been proposed as a mechanism that contributes to end organ damage induced by increased BPV (25) . However, considering that blockade of endogenous AngII formation significantly reset arterial baroreflex control of HR toward values comparable to control animals but did not completely normalize BPV, other factors are likely implicated in this increased BPV. Nitric oxide participates in the buffering of blood pressure variations (17, 26) , and a defect in nitric oxide-mediated effects, which we recently demonstrated in brain microvessels of 9% offspring (27) , could lead to increased BPV. Reduced arterial distensibility, as reported in those who are born with intrauterine growth restriction (28, 29) , is also associated with increased low-frequency BPV in other forms of chronic hypertension (30) . The combination of increased BPV and RAS activity observed in in utero programming of hypertension could account for the excess cardiovascular morbidity observed in adults with low birth weight, despite the relatively mild increase in blood pressure reported in this population (4) .
Alteration of arterial baroreflex control of HR. The arterial baroreflex is critical in the development of hypertension. In- Results of the spectral analysis (3-min periods). The higher BPV in the 9% group involves an increase in spectral density in both low-frequency (0.2-0.7 Hz) and high-frequency (0.7-2.5 Hz) ranges (see Table 1 ).
Table 2. Spectral measurements of arterial BPV in 9-to 12-wk-old rats exposed during gestation to a low-protein (9%) or control (18%) diet
Control (18%; n ϭ 6) Low-protein diet (9%; n ϭ 8) Values are mean Ϯ SEM. 9% post ACE-I values were not statistically different from 9% baseline, 18% baseline, and 18% post ACE-I. LFnu and HFnu, normalized low and high frequency power, i.e. expressed as percent of total power spectral density (see "Methods").
* p Ͻ 0.05 vs 18% baseline. enalaprilat. An example of the number of points used to generate the baroreflex curve is presented as an inset on the left graph. HR baroreflex response curve of 9% offspring is shifted toward higher pressures; after ACE-I, HR arterial baroreflex curve is reset toward lower pressure in 9% and not modified in 18% (see Table 1 ).
trauterine growth restricted animals and humans, as well as hypertensive adult animals that were deprived during fetal life, show evidence of increased blood pressure along with a paradoxic normal or even slightly increased HR (12, 13) . This observation was verified in the current study with the absence of a difference in resting HR between the two groups despite the higher MABP in the 9% offspring, suggesting an alteration in the arterial baroreflex. The latter is confirmed by the shift of the arterial baroreflex curve toward a higher pressure in the 9% offspring. As enalaprilat does not cross the blood-brain barrier (31) , the effects observed after systemic administration of this ACE-I represent the role of peripherally derived AngII on cardiovascular function. Studies in mature animals have shown that circulating AngII alters baroreflex control of HR primarily by shifting the baroreflex curve to a higher blood pressure without modulating the gain (32, 33) . Conversely, systemic administration of ACE-I or AT 1 blocker decreases the blood pressure of hypertensive individuals without changing the sensitivity of the HR baroreflex curve (34) . As baroreflex is not completely reset to control group values after ACE-I, this indicates that AngII is not the sole factor involved in modulating baroreflex control of HR in 9% animals. Changes in the relationship between arterial pressure and heart rate can result from changes in the baroreceptor itself and/or within the CNS. Baroreceptor endings are located in the walls of the carotid arteries and the aorta and sense the changes in blood pressure through changes in their stretch. Accordingly, vascular compliance, which can be decreased in individuals with low birth weight (28, 29) , is an important determinant of the activity of the baroreceptors (35) . Also, whether membrane characteristics of baroreceptor endings and changes in ion channels function within the baroreceptor membrane are altered by antenatal diet exposure is unknown (36) . Centrally, changes in neurohormones that influence baroreflex efferent autonomic pathway as well as activation of other neural reflex pathways are potential factors that may be modified in fetal programming of high blood pressure and have an impact on arterial baroreflex (36) .
The mechanism by which circulating AngII is implicated in HR baroreflex resetting is nonetheless dependent on the CNS. Indeed, circulating AngII does not influence carotid and aortic baroreceptor firing (33) (afferent loop) but can bind to AT 1 receptors expressed by some brain circumventricular organs (e.g. AP, OVLT, SFO) (37, 38) , which in turn modulate the efferent branch of the arterial baroreflex (39) . We observed that blockade of central AngII by losartan in 9% offspring decreases blood pressure without significantly altering arterial baroreflex control of HR, although there was a tendency for the curve to be reset to lower pressure. Losartan can cross the blood-brain barrier (37) , but the dose administered centrally in our studies is~100 times lower than a peripherally effective dose; we therefore consider that the effect of ICV losartan on arterial pressure reflects solely central blockade of AT 1 receptors. Consequently, these data indicate that brain AngII participates in maintaining in utero programmed hypertension. Such a role for brain RAS has been shown in other forms of chronic hypertension such as renovascular hypertension (40) and chronic stress-induced hypertension (41) . Endogenous brain AngII can elevate blood pressure through increases in efferent sympathetic activity, release of vasopressin from the hypothalamus, and synaptic inhibition of the baroreflex at the level of the nucleus tractus solitarius (42, 43) .
Expression of AngII AT1 receptor in brain. Our findings of significant increased expression of the AngII AT 1 receptor in specific brain areas involved in cardiovascular regulation further support a role for central AngII in the hypertension of 9% offspring rats. The brain structures that are involved in cardiovascular modulation by AngII and that express the AT 1 receptor are located in the forebrain (OVLT, MEPO, SFO, and PVH) and in the lower brainstem (NTS, AP, dorsal motor nucleus of the vagus, and nucleus ambiguus) (14) . In the current studies, AT 1 binding sites were detected in all of these areas, and binding intensity was found to be more strong in 9% offspring, markedly more so in the OVLT and the SFO. Both circulating and central AngII can activate AT 1 receptors from the SFO and OVLT (44, 45) . AngII microinjected into the SFO causes a pressor effect that is mediated by vasopressin release and increased sympathetic activity (46, 15) . Elevated brain AngII binding sites have also been reported in spontaneously hypertensive fetal and newborn rats (47, 48) , and blockade of central RAS in adult spontaneously hypertensive rat can reverse their chronic hypertension (49) . The underlying mechanisms and regulatory processes that lead to increased AT 1 receptor brain expression in 9% offspring are unknown but may involve a defect in nitric oxide pathway (27, 50, 51) , positive feedback regulation by elevated brain AngII (52, 53) , and glucocorticoids (12, 54, 55) .
